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Note8 011 eaal.tkpudes.-May 15, 427  p. m.. very slight shock 
May 24, 9:19 p. m., tremors. I n  connection with the Mar. 
tinique disaster, it may be noted that on the 11th and 14th 
especially, and on many other clays afterwardA, sunrise WBI 
accompanied by unusual red and purplish tints, which werc 
noticed not only at San Jose, but also at several other placer 
on the Atlantic slope. 

THE WINDS AND RAINFALL OF NEW HAVEN. 
By T. H. I~VIN, New Hnveu, f'sun. 

THE FREQUENCY O F  WIND DIRECTION AS OBSERVED AT THE LOCAL 
WEATHER BUREAU OFFICE SINCE ITS INSIPALLATION I N  1873. 

The general circulatory system of the atmosphere is subjecf 
to l am that must be discovered by the cliscussion of continu- 
ous observations. This is particularly true of the great equa- 
torial currents which flow away from the equator in the higher 
strata of the atmosphere, and the corresponding great polar 
currents flowing from the poles toward the equator in the 
lower atmogphere. These currents do not travel in direct 
paths parallel to the lines of longitude, RH might at first be 
supposed, but being perfectly free, the iuasses of air in motion 
are subject to the effect of the rotation of the earth on its asis, 
which causes n deflection of their clirection to the light in the 
Northern Hemisphere ancl to the left in the Southern Hernis- 
phere. 

These fuudamental currents do not follow continuous 
courses, but the joint result is the production of what are 
known as the prevailing westerlies " near the parallels of 
forty degrees north ancl south at the earth's surface. 

At southern stations in the United States and about the Gulf 
of Mexico the prevalent winds have easterly components be- 
cause of their close prosimity to the northeasterly trades., 

Cyclonic storins which cross this continent in an easterly or 
northeasterly direction cause ocxasional winds of greater or 
less intensity over c1istric:ts through which they pass, ancl these 
may blow from any point of the compass, depending upon 
whether the storm center passes through, or north or south of 
the place of observation. These are factors of niore or less 
importance in determining the prevailing wind direction at 
any point. Each is more inarkeil in some seasons and in some 
years than in others, and helps to account for the irregular 
oscillations of the winds. 

If we would embrace a11 influences liable either incliviclually 
or collectively to interfere with the general circulation over 
New Haven, it would be proper to note that its location is 
as follows: 

(1) About 400 miles from the northern edge of the cahiis of 
the Tropic of Cancer; ( 8 )  in the region of prevailing westerlies; 
(3)  about 300 miles nortellwest from the average path of the 
centers of West Indian hurricanes; (4) about 150 miles froiu 
the lanclward margin of the Gulf stream; (5) open to Long 
Island Sound from southeast to Noiitli-soiithWest,; (6) subject- 
to the effects of the Arctic current which is mid to flow be- 
tween the landward' margin of the Gulf stream twc1 Long 
Island Sound. 

A.ng or all of these circumstances may esert a more or less 
marked interference with the winds that would normally pre- 
vail at this point. 

The topography of the surrounding country is also a factor 
in disturbing the wind direction. Winds that blow toward 
New Haven from the west, north, or northeast meet the &le- 
gheny Mountains of Pennsylvania, the Green Mountains of Ver- 
mont, or the White Mountains of New Hampshire, respectively, 
besides other minor elevations. These rugged eminences, to- 
gether with their extensive valleys, in considerable measure 
become deflecting influences on the wind's direction. Insola- 
tion and terrestrial radiation also exert influences by produ- 
cing vertical currents, ancl these in their turn will materially 
affect the direction. 0 
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Since New Haven is on the coast, winds coming to it from 
the east, south, or southwest meet with scarcely any obstruc- 
tion, the only interference being such as is experienced in 
their passage over the open ocean and the comparatively low- 
lying land. 

The deflecting effecta of the topographical character of the 
country in this vicinity are necessarily very small, but they 
may possibly be helpful in the esplanation of the oscillations 
of frequency of direction. 

Oue of the important factors to be considered in the inves- 
tigation of the resultant wind direction for New Haven is its 
close proximity to the open ocean, by reason of which marked 
land and sea breezes are developed. These are particularly 
noticeable (luring the summer months. On summer mornings 
and evenings when the general atmosphere is free from ob- 
servable motion there are distinct movements of large masses 
of air near the earth, from the laad to the sea and from the 
sea to the lancl, respectively. 
. Taking all these points into consideration it will be readily 

perceived that we do not receive the true winds of the general 
circulation of the atmosphere, but are favored with resultants 
ilue to modifying influences. The directions of wind as ob- 
served by Weather Bureau ofticiala a t  New Haven from 1873 
to 1900, inclusive, are shown in Table 1, which gives for each 
year the percentages of wind frequency for each of the eight 
points of the compass, the percentage of calms, and finally 
the resultant directions for each year.' 

TABLE 1.- Wind direelions in perceniagea, and niinzcal resultaate. 

I Pear. 

ISi3.. 16.7 
1874.. 16.4 1875.. SU. 0 
1x76.. 15.9 
1x77.. ............... 17. 8 
IS74 . . . . . . . . . . . . . . . . . I  14.8 
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~ 9 3 . .  ............... 21. n 
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M5. ................ 24.0 
X96 ................. 24.4 
X37 ................. 21.6 

S! Kl. . . .  ............. 1x.4 
m ................ L3I.U 

xw.. ........ . . . . . . . I  22.0 

M a i r  .......... .I 17.9 
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The components of Yclirection are exhibited graphically in 
Ygs. 1 to 4, ancl the resultant directions in figs. 5 and 6. In  
ig. 7 are shown resultant directions for the four seasons. 

These curves show very clearly the inarch of the various 
winds during the year. From fig. 1 we see that the south 
winds have a masimum frequency in Jii1-y and a minimum in 

F r o m A u g u s t x  1878, to October 31,1879, observations were made at 
7:35 a. m., 4:35 and ll:35 p. m.. Washington time; from November 1, 
1879, to December 31, 1884, at 7 a. m., 3 and 11 1). m., Washington time; 
lanuary 1, 1885, to December 31, 1886, at 7 a. m., 3 and 11 p. m., seventy- 
Uth meridian time; Janua1.y 1, 1887 to June 30,1888, at 7 a. m., 3 and 10 
J. m., seventy-fifth meridian time: July 1, 1888, to date, at 8 a. m. and 
5 p. m. seventy-flfth meridian time. The resultant directions in Tables 
1 and 2 are based on abservations of wind direction only, and do not take 
into account variations in the average velocity for dserent directions.- 
ED. 
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December, while the north wincls have their masiniiim in Jan. 
uary and their minimum in June. The seasonal fluctuationr 
are much more marked in the south than in the north winds. 

TABLE 2.- Wind directhas air pwcentcym, mid monthly rosultmtn. 

1-1 
JaOllarr . . . . . 21. W 
l+brurirv . . . . 20.00 
Blarch .:. .. . 20.53 
A ril ... .... . 17.53 
Juue.. . . .. . . . 14 (10 
July .... .. . . . 13.87 
August . .. .. . 15.81 
SeptemlJer.. . 16. €G 
October . . . . . 19.6s 
Noveiuber . . . 20. %3 
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FIG. l.-Perceutago c'urvc of north nil11 sooth winds. fn~m Table 3. 

The curves shown in fig. 3 are not so regular in clinriictem 
as those in fig. 1. The southwest winds have a deuiilecl mnsi- 
mum in July ancl a niinimulu in April and the northeast wimh 
a minimum in June and July with only slight variations dur- 
ing the remaining months of the year. 

I !  I. I I I 1 I J  

FIG. %-Percentage curves of northenst aiirl southwest winds. from 
Table 2. 

Fig. 3 shovvs a low percentage of east winds tliroughout the 
year. West wincls are frequent from November to January 
and comparatively few froin May to September; while north- 
west winds, as shown by fig. 4, are frequent from October to 
April and few from May to August. Southeast winds show a 
decided maximum in May. 

The striking feature of these curves is the increased fre- 
quency of southerly winds and the decreased frequency of 

north and west winds cluring the slimmer season. This is 
partly clue to monsoon infliiencefi, but no doubt the land and 
3ea breezes have an important e€€ect. 

FIG. 3.-Pt?rceuttlgc~ curve of east and west winds, fixmi Tablo 2. 

FIG. 4.-Percentnge curve of mutheast and northeast winds, from 
TaLle 8. 
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FIG. B.-Mrmthly resultant directions, %-year averages, from Table 2. 
RECIPITATION A T  NEW HAVEN. CONN., FOR TWENTY-EIGHT YEARS, 

1873-1900. 
Precipitation in whatever foivl it iiiay be deposited upon the 

urface of the earth appears to be the most erratic ancl variable 
uantity with. which we have to deal in the discussion of 
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meteorological phenomena. The rainfall for New Haven, a6 
shown by the measurements taken at the local United Statea 
Weather Bureau is apparently almost entirely dependent upon 
passing storms. There are no high mountains to produce thc 
abundant precipitation that occurs in some other clistiicts, and 
proximity to the ocean does not appreciably increase its rain. 
fallj since so large a percentage of tlie winds are froin tht 
west or north. The discomfort occasioned by high humidity, 
fogs, and mists is, however, very generally attributed to itr 
marine position. 

6.39 4.21 1.95'3.3O'l.79 2.2s 0.90 2.10 2.03 4.14 2.14'34.&3'47.38-12.65 

4.17 4.44 3 . 3  3.81 2. 79 5.19 4. S3 3.53 3. S i  3.94 3.31 47.38 
~ - 

. 
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FIG. 6.-Averagc , r ~ ~ i l t n n t  tlirection for each month. 

FIG. 7.-Average resultant direction for eachIseason. 
As a rule the cyclonic storins that develop in the northwest- 

ern part of tlie United States cross this country in an easterlg 
direction, passing out to sea t,lirough the St. Lawrence Valley; 
they usually bring rain to New Haven. Another a l ~ ~ s s  of storins 
originates in the southwest. They travel in a northeasterly cli- 
rection and pass out to sen at a point hetween Cape HntteraN 
and northern Maine; of these a goodly proportion pass over or 
near New Haven, producing abundant rains. We also receive 
B very fair share of rainfall froin the so-aalled West Indian 
storms. 

In addition to the precipitation accompanying these storm 

areas we are favored with frequent heavy showers of rain during 
the hot summer months, which approach this point from the 
northwest or the southwest, and are usually accompanied by the 
well known thunderstorm phenomena. This no doubt accounts 
for the fact that on the average for twenty-eight years July 
proves to be the wettest month of the year in New Haven 

The annual average rainfall recorded at New Haven is 47.38 
inches. It is quite possible that the actual rainfall is in excess 
of this amount by from 5 to 10 per cent, since it has been shown 
by long series of observations that a rain gage at a high ele- 
vation generally collects less rainfall than one placed on the 
ground. For this reason, Prof. Alfred J. Henry, in his escel- 
lent menioir on the r'Rainfall of the Unibecl States," informs 
us that: 

In gmeral it does not seem possible to avoid tlie conclusion that the 
I%lJHolIlte! ainount of precipitation, as registered by the Weather Bureau 
gages. falls short of the true aniaunt by quarhities varying from 5 to 10 
per cent. of the annual. 

The rain gage used in the o1)servations at New Haven is 
provided with a funnel 8 inches in diameter and the elevation 
of the top rim of this funnel is 110 feet above ground or about 
140 feet above mean sea level. The observer informs me that 
it has not been moved from its present position on the roof of 
the building where the local Weather Bureau is situated since 
its installation in 1873; therefore, the results are eminently 
reliable for that particular spot. 

Table 3 gives R complete record of the amount of rain, 
measured in inches and hunrlredths, for each month; the totals 
for each year of the %-year period under consideration; the 
departures from the nornial; and the average for the period 
elapsing since 1872. This latter showw tlie necessity of a long 
period of observations before the adoption of a mean. At the 
I>ottom of the table are giveii the ineans for each month for 
tlie entire period, which show that, on the average, July is the 
wettest month and June the driest. 

TABLE 3.-&1oi&fhly. nititicnl, and nirmige pre@ilation. 
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FIG. S.--Annnal prsc.ipit.ation and resiiltitnt tlirection ut' dl winds ohsen-ed at New Harcn, Cmn. 

On the other hand the niasimum falb for any month mere 
as follows: 

August, 1874, 19.99 inches; Ifarch, 1876, 10.15 inches; 
July, 1876, 11.05 inches; October, 1877, 10.09 inches; March, 
1881; 10.42 inches; September, 1883, 13.43 inches; July, MS9, 
17.08 inches; July, 1897, 16.63 inches. 

The total amount of precipitation for the entire twenty-eight 
years was 1,336.74 inches, and the percentages for each month 
during this period were as follows: 

Jaz~uary, X. 87 ; February, 8.79 ; March, 9.38 ; April, G.9G ; 
May. 8.03; June, 5.88; July, 10.97; August, 10.19; September, 
7.15; October, 8.18; November, 8.33; December, 6.98. 

Aclopting a seasonal division we have for twenty-eight 
years- 
. - - _- _. .~ ~- 

Seasou. 1 Totul. IPemcntage. 1 Avrroge. 
.. I I I 

........................................ 
Autiimu moutlir. 
Winter wouths 

Ycnr ........................ 

It will be observed that for New Haven the summer months 
show greater precipitation than amy other part of t,he year. 

I n  fig. 8, I have plotted the rainfall for each year from 1873 
to 1900 to ascertain if there is a periodicity in the fluctuations 
of the amount. The resulting curve does not establish any 
such periodicity. Comparing it with the resultant curve for 
wind direction at  New Haven ill the same figure, it will be 
noted that there appears to be only a slight relation between 
the two. This is a subject for further investigation, however. 

EARLY RAINFALL RECORDS. 

During the writing of this paper, Prof. Willis L. Moore, 
Chief of tlie Weather Bureau, very courteously rsuppliecl me 
with a copy of records of precipitation at  New Haven for a 
continuous period of eighteen years ( with the exception of  
August 1805), commencing nearly one hundred gears ago, viz: 

1804-1821. These int#eresting records are shown in Table 4.' 

TABLE 4.-iifoitthly mid mnrud prwipitntion, 1&L- 1821. 

I 0 4  ... 
Isu5 ... 
IS07 ... 
1AOS ... 
lxiJ!l ... 
1 R I U  ... 
IS11 ... 
1s12 ... 4.66 4.28 
181:; ... 4.54 1.38 
1814 ... 1.GO 7.65 

I81 6 . . .  3.6s: 5.45 
I W l i  ... 9.59 4.U7 

IWI; ... 

1815 ... 3.09 \ 3.3'3 

lSlX ... ..:lo 5.30 
1M:I ... 1 1 1  15.11 
1a20 ... n: 15 I :in7 
IS21 ... 4.49 ! 5.98 

- 

f 
z 

4.12 
5. ?lJ !. ti5 
d.90 
5. i o  
2. $2 

- 

- _- 
I 

-I-- 

*' 
2 
E 2 

-- 

3. 21 
8. '20 
ti. 15 
1.45 
2. uo 
2.39 
s. 34 
1. ti 
3. m 
3. tll 
i. 72 
2. 19 
2.51 
5.39 
1.53 
0.15 
.1.00 
4.5s 

3.64 
- 
- 

*The reriiril fur August, 1805, is mixsiug. I bnw iuserted fur this iuniith 
the lWl%Jd. 

4. 53 ! 43.30 

4.10 I 4<32 

4. IU * 8 . R O  
2. cMJ :is GI 

For this period the average annual precipitation is only 44.30 
inches, which is 3.08 inches less t h m  the mem derived from 
the observations'for 1873-1900. The extremes of precipitation 
are less marked than in the recent period, the greatest monthly 
amount being 9.79 inches in September, 1815, and the lowest 
0.65 inch in November, 1819. 

These records were taken at  an elevation of 45 feet, nearly 
100 feet nearer mean sea level than those of the ?%-year period. 
I f  we grant that the rain gage used and the methods of measure- 
ment were as correct as at  the present time, it appears that the 
precipitation in the earlypart of the last century was less than 
now, but had much the same character. 

This table is a part OP the series, ld(kL1829, by Professors Loomis. 
Olmritencl, and others, the n i~ans  for which are given in Schott's Precipi- 
tation Tables, 1872. From 1892-11(39, iimlosive, the records for many 
months are missing.-Ed. 


